ABSTRACT: Based on heat balance analysis, the dynamic heating model of asphalt tank of mixture equipment was established, the heating time and using time nodes were determined, and the trapezoidal dynamic heating process of asphalt tank was also formed to realize the intelligent control and reduce energy consumption. After analyzing different schemes, the control scheme of the combination of feed-forward and feedback to realize intelligent control system for asphalt tank was adopted, which could ensure that the asphalt in the tank is in the operating temperature and the mixing equipment works continuously when the asphalt was used completely. In addition, a simulated analysis of calculation model, which was adopted by intelligent control system, was made in combination of entitative engineering. Results showed that compared with traditional process of heating asphalt, this intelligent heating control system could reduce the heat consumption by 15.8% under the condition of continuous construction.
INTRODUCTION
The asphalt tank of the mixing equipment has the disadvantages of high energy consumption and low level intelligent control in use [1] . On the basis of Computational Fluid Dynamics (CFD) and FLUENT, Wang Fa-ting has put forward the optimal layout of the asphalt tank mixture equipment, which could increase the asphalt heating speed by 14% and reduce fuel consumption by 5.5% [2, 3] ; Shu Hong-sheng has studied the heat transfer within the asphalt tank, and analyzed the factors that affect the heat exchange efficiency [4] ; The study of Wang Ji-qing has showed that the tank-in-tank heating technology could be used in the assembled asphalt tank, which has a good energy saving effect [5] ; National Asphalt Pavement Association (NAPA) has presented a new method of asphalt storage and heating from the aspects of emission control, automatic control, warm mix asphalt, sustainable development, etc. [6] .The research on asphalt tank of mixing equipment has mostly concentrated on structure transformation at present. Therefore, it is of great significance to conduct a study on intelligent control of asphalt tank in the process of using. The energy-saving heating process and intelligent control system of the asphalt tank of mixing equipment are proposed in this paper through the combination of theoretical analysis, simulation and the entitative engineering verification.
THE STRUCTURE OF ASPHALT TANK
According to the structure, the asphalt tank can be divided into two types: vertical tank and horizontal tank [7] . The structure of the horizontal asphalt tank is shown in Fig.1 . The tank is composed of a tank body, a heat insulation layer and a skin layer [8] . The thermal insulation layer mainly uses the material with small thermal conductivity to ensure the asphalt temperature no greater than 3°C per 24h; the skin layer is made of stainless steel or galvanized sheet metal; the serpentine heating pipe is installed in the asphalt tank for heating asphalt; the heat-conducting medium is used for heating asphalt by means of thermal radiation and heat exchange; the hot oil pump is used to realize the forced convection of asphalt in the tank so that the asphalt could be heated evenly and prevent from being carbonized. Figure 1 . The structure of the horizontal asphalt tank. 1-overflow pipe, 2-asphalt tank support, 3-thermometer, 4 -level gauge, 5-the air exhaust port, 6-anhole, 7-heat-conducting oil inlet, 8-asphalt inlet, 9-heat-conducting oil outlet, 10-asphalt outlet, 11-asphalt sewage outlet, 12-hot oil pump.
ANALYSIS OF HEAT BALANCE
In order to facilitate the derivation of the equations, the following assumptions are made:
1) The specific heat capacity of asphalt is certain;
2) The wall thickness of the tank body, the heat insulation layer and the skin layer is far less than the diameter of the asphalt tank, the difference of the heat exchange area caused by this can be neglected in engineering;
3) The wall thickness of the heat pipe is thin, the influence caused by unequal heat transfer area of its inside and outside wall is ignored.
During heating process, the released heat of heat-conducting oil boiler is equal to the combination of absorbed heat of the rising asphalt temperature and the losing heat [9] , which is shown in Eq. (1).
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where Q is the released heat of heat-conducting oil boiler, kJ, Q 1 is the absorbed heat of rising asphalt temperature, kJ, Q 2 is the losing heat, kJ. When the diesel fuel is used, the released heat of heat-conducting oil boiler is met Eq.(2).  is the combustion efficiency of heat conducting oil boiler, %; m 1 is consumption of diesel oil, kg; q is the calorific value of diesel oil, kJ/kg. During heating process, the heat absorbed by asphalt is shown in Eq. (3) [9] .
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where C is specific heat capacity of asphalt, kJ/(kg·°C); m 2 is the weight of asphalt in tank, t; T a is the asphalt temperature at the beginning of the heating, °C; T b is the asphalt temperature at the end of heating, °C. During the heating process, the heat loss mainly includes the heat loss of the heat conducting pipe wall (Q 21 ) and the heat loss of the asphalt tank wall (Q 22 ). The heat loss of the asphalt tank wall is shown in Eq. (4) [10] .
where, K is heat transfer coefficient, kJ/(m 2 ·°C·h); S is radiating area, m 2 ; T c is the average temperature of the tank in the heating process, °C; T d is environment temperature, °C; t a is heating time, h. The superficial area of heat conducting pipe wall is small and easy to take good thermal insulation measures, the heat loss is shown in Eq. (6) [11] .  is the heat loss ratio of the heat conduction tube wall relative to the asphalt tank wall, and it is taken from 0.1 to 0.2. Combining Eq. (4), Eq. (5) and Eq. (6) and the following equation can be obtained.
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Taken Eq. (3) and Eq. (7) into Eq. (1), and the heat balance equation can be obtained as follows.
THE DYNAMIC HEATING PROCESS
In order to achieve even heating of asphalt in tank and improve the heating speed, the asphalt in tank is in the state of mass flow and turbulent flow to achieve heat convection through stirring hot oil pump constantly, which is called "mixing dynamic heating" [10] . According to certain time sequence, the asphalt of each tank is heated to using temperature successively in the process of using, which is called "trapezoidal dynamic heating".
The using time t b of asphalt of each tank is showed in Eq. (9)
where W is the productivity of mixing equipment, t/h; p is asphalt content, %. In order to ensure continuous production of mixing equipment, extra coefficient  of heat up time should be considered and it is taken 1.1~1.2 [11] . The ratio of asphalt heat up time and using time is calculated as follows.
where a t  is the initial lead of asphalt tank heat up time relative to the work beginning time of mixing equipment; the integer part of n is the number of heating asphalt tank when one tank asphalt is beginning to use; the decimal part of n is the using quantity remaining in asphalt tank. The model diagram is shown in Fig.2 . Figure 2 . The "trapezoidal dynamic heating" model.
RESEARCH ON INTELLIGENT CONTROL SYSTEM
Factors Affecting The Asphalt Tank Control System
The trapezoidal dynamic heating model is adopted in the intelligent control system of asphalt, which is conformed to the traditional PID control. However, accurate control is of great difficulty in actual construction since: (1) the rising speed of asphalt temperature is nonlinear, (2) Inertia exists in the process of heating, (3) hysteresis exists in the temperature controlling unit, (4) there are interference factors during the heating process.
Intelligent Control System Of Asphalt Tank
The intelligent control system of asphalt tank can adopt three schemes, namely feed forward control, feedback control and the combination control of feed forward and feedback.
(1) Feed forward control of asphalt tank First of all, the heating time of per asphalt tank could be calculated on the basis of the combustion efficiency of oil boiler, the asphalt tank capacity, initial temperature, etc. Secondly, the using time of per asphalt tank can be calculated on the basis of actual productivity of mixing equipment, asphalt content, and other parameters. Thirdly, the heating and using time nodes of per asphalt tank can be calculated on the basis of "trapezoidal dynamic heating" model and the surplus coefficient of heating time. The advantages of feed forward control needn't to consider the tank temperature of asphalt and remaining amount. However, the disadvantage is that the actual temperature of asphalt in tank is difficult to control.
(2) Feedback control of asphalt tank The temperature rising speed of asphalt can be calculated on the basis of measuring the asphalt temperature at different time, then the control of the asphalt heating time can be realized by adjusting the opening of the heat conducting oil valve through combining with the objective asphalt heating time and considering the lag of temperature control. The advantages of feedback control simply adjust the deviation of controlled variable without considering the various interference factors; while the disadvantage is that the control system works after the deviation occurring.
(3) The combination of feedforward and feedback control Based on the "trapezoidal dynamic heating" model, the heating time and the using time nodes of per asphalt tank are calculated by taking related parameters as the input function. The actual heating time and the using time nodes are calculated by measuring the rising speed and the using speed of asphalt temperature actually. By using feedback control, this system could eliminate the influence caused by various kinds of interference factors, improve the lag of feedback control by using feed forward control, and compensate the influence caused by the interference factors.
The control scheme of the combination of feedforward and feedback control is adopted in the intelligent control system. The heating time and using time nodes of per asphalt tank are calculated on the basis of the intelligent control system software of asphalt tank, which is written in the light of "trapezoidal dynamic heating" model. The adjustment of corresponding heat-conducting oil valve opening, and the opening and closing of asphalt valve can be controlled through the real-time monitoring of tank asphalt temperature and surplus, which could ensure that the temperature of the asphalt in tank is under the condition of using temperature and the mixing equipment is produced continuously while asphalt in tank is working to realize the intelligent control of asphalt tank. The model is shown in Figure 3 . 
SIMULATED ANALYSIS
The heat loss of asphalt in each tank is included in the heat loss of heat-waiting stage Q 1 , heat loss of heat-up stage Q 2 , and heat loss of using stage Q 3 . The heat loss in each stage is shown in Eq. (11), Eq. (12) and Eq. (13). Table 2 and table 3 can be obtained by Eq. (11)~(13). Table 2 is the heat loss of asphalt in per tank with the adoption of trapezoidal dynamic heating. Table 3 is the heat loss of asphalt in per tank with the adoption of traditional dynamic heating. 
The MARINI MAC320 batch asphalt mixing equipment is adopted in the test (Rated output: 320t/h; A total of seven asphalt tanks; Model type: T-500; Volume: 50 3 ;
Dimension: 10660mm × 2660mmm × 23050mm). After measuring, the initial temperature of asphalt is 130°C, the average temperature in the heating process 150°C, the using temperature 170°C, and the environment temperature 20°C.
K=4.6× 10 -4 kW/ （m 2°C ）, S=97.7 m 2 , the using time of each tank asphalt is 3h, and n is 1.2. It can be obtained by taking the data into Equations (11)- (14) that ： Q 1 =64069.3kJ， Q 2 =90861.9 kJ， Q 3 =87367.2 kJ， η =84.2%. Therefore, compared with traditional technology, the heat loss adopting laddering dynamic heating technology can be reduced by 15.8%.
CONCLUSIONS
(1) The model of trapezoidal dynamic heating was established through analyzing the asphalt tank heat balance of mixing equipment, and then the heating time and using time nodes of asphalt tank were determined.
(2) The control scheme of the combination of feed forward and feedback control was adopted by the asphalt tank intelligent control system, which could ensure that the temperature of the asphalt in tank was in the condition of using temperature and the mixing equipment worked continuously while the asphalt in tank was in use. Furthermore, by means of simulation analysis, it can be found that the heat loss decreased by 15.8% compared with traditional process.
